Is the simultaneously integrated boost (SIB) technique for early breast cancer ready to be adopted for routine adjuvant radiotherapy?
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Adjuvant radiotherapy following breast conserving surgery (BCS) is usually performed by homogenous irradiation of the whole breast (WBI), using single doses of 1.8-2 Gy up to total doses around 50 Gy, mostly followed by a boost to the tumor bed considered as the area of highest subclinical tumor cell contamination [19] . This tumor bed boost may be applied using external photon and/or electron beams up to cumulative tumor bed doses of 60-66 Gy in same fractional dose sizes as the preceding WBI. Alternatively, higher single fractions around 10 Gy are commonly used for either brachytherapy or intraoperative tumor bed boosts (IORT).
During the last few years, a new method of dose escalation to the tumor bed by a simultaneously integrated boost (SIB, concomitant boost) was proposed [11] . The rationale is a localized dose enhancement in the area at highest risk without prolonging treatment duration, thus not only providing improved patient comfort but also exploiting the higher sensitivity of breast tumor cells towards larger single doses, which has long been postulated in the linear-quadratic model. On the other hand, the same model also predicts increased responsiveness of all normal structures which are relevant for late reaction developments and hence, cosmetic outcome following radiotherapy during BCT (e.g. skin, subcutaneous tissue, ribs [9] ). This topic was addressed by Bantema-Joppe et al. [1] who recently reported their experience with the SIB technique in a publication that prompted the present editorial. Between 2005 and 2010, 940 patients were treated by standardfractionated WBI (28 fractions of 1.8 Gy) and SIB regimen of 2.3-2.4 Gy. Toxicity and cosmetic results were evaluated annually. After a median follow-up period of 30 months (6-54 months) grade ≥2 fibrosis in the boosted area was observed in 8.5% of the patients, chest wall pain in 6.7%, and grade ≥2 teleangiectasia in 3.7%. Half of all patients developed fibrosis outside the boost volume (all grades). In 39.7% of all cases, the cosmetic outcome was scored as acceptable or poor. In multivariate analysis, no RT-related parameter was identified as predictive for the increase of late reactions or inferior cosmetic results. Quantitative information on absolute boost volumes and outcome analyses along volume sizes were not provided. The authors interpreted their results as in accordance with findings after "classical" RT with consecutive boosts, although they admitted that the cumulative rates of observed fibrosis were in the upper range of reports. Nonetheless, their conclusion was that the technique was "safe regarding normal tissue complications". In a former publication they had evaluated 3-year locoregional control, recurrence-free and overall survival (OS) rates of 99.2%, 95.5%, and 97.1% [2] .
The role of fraction size for breast cancer radiotherapy
The Canadian and British hypofraction trials provided first experiences with reduced total whole breast doses in comparison to conventional 50 Gy WBI in 2 Gy fractions, testing the radiobiological hypothesis of iso-effectiveness in terms of tumor sterilization without increasing long-term toxicity [22, 24] . To date, clinical intermediate-and long-term analyses seem to confirm the above mentioned biomathematical models in terms of assumed alpha/beta (α/β) values of all relevant tissues regarding both, tumor control and cosmetic results. Nevertheless, longer follow-up remains necessary to confirm these observations by more mature data.
Another open issue is whether the existing clinical data for hypofractionated WBI can safely be transferred to WBI using SIB strategies in general practice. Generally, SIB techniques can be performed within conventionally (normo-)fractionated WBI (single breast doses 1.8-2 Gy, total doses 50 Gy) as well as hypofractionated WBI schedules (single doses around 2.7 Gy, total dose around 40 Gy). Thus, SIB doses to the tumor bed amount to 2.4-2.6 Gy during conventional and 3.0-3.2 Gy during hypofractioned WBI, respectively.
During normofractionated WBI, SIB doses of 10-16 Gy are administered in 25-28 fractions, leading to areas of daily zonal dose augmentations of 20-35% of the prescribed whole-breast dose. In contrast to the above quoted hypofractionation trials, the total number of WBI fractions is however not reduced. Therefore, dependent on number and dosage of SIB fractions, the LQ model predicts somewhat higher rates of late reactions within the tumor bed volume (see below). Moreover, the role of dose inhomogeneities in these dimensions during WBI is not clarified. Especially in larger breast volumes, they have been associated with significantly higher rates of subsequent development of breast fibrosis with worse cosmetic outcome [12, 16] . Unlike in SIB treatments, these regional overdosages were inadvertent effects caused by patients' anatomy and lower depth penetration of photons (partly cobalt-60) in the absence of in-field modulation options. Therefore, caution has to be exercised when a former shortcoming in dose homogeneity, which was systematically optimized by the evolvement of sophisticated EBRT techniques, is purposely re-introduced under the assumption of a biologic superiority.
The negative cosmetic impact of larger volumes exposed to higher doses has been described several times [7, 16, 21] . However, data elucidating the role of such dosevolume relations are too sparse to permit a reliable estimation of the normal breast tissue's cost-benefit risk during dose homogeneity modulations [17] . Moreover, opinions are dissenting on how to adopt the LQ model for prediction of late reactions. For instance, some studies on accelerated partial breast irradiation (AP-BI) show markedly higher rates of fibrosis and unacceptable cosmetic results following zonal single doses of 3.85 Gy in 10 fractions over 5 consecutive dayseven without WBI [15] . This observation was interpreted by Bentzen and Yarnold [3] as a possible overestimation of cell repair capacities within the interval of a hypofractionated RT and/or as consequence of overvaluated α/β ratios for the estimation of cosmetically relevant late effects. To date, the most frequently used α/β figures for chronic skin/subcutaneous tissue reactions range between 2.8 and 3.4 Gy.
To further elucidate the possible risks and consequences of a defined SIB schedule (especially when used outside clinical trials), some systematic-albeit hypothetical-calculations are convenient. For estimation of late fibrosis, an averaged α/β value of 3 Gy is used: F after conventional WBI (25 fractions of 2 Gy) followed by a tumor bed boost of 10 Gy (5 fractions of 2 Gy), the 2 Gy per fraction equivalent dose (2 Gy ED) in the boost area is 60 Gy, and after a booster dose of 16 Gy (8 fractions of 2 Gy), the BED amounts to 66 Gy, respectively. Correspondingly, single doses of 1. Compared to the pre195sent standard of a 16 Gy boost as currently used, this calculation model would therefore predict a similar probability of fibrosis for a SIB application during normofractionated WBI as well as in the exemplary hypofractionated schedule. However, conceiving lower "real" α/β values, the probability of detrimental effects for any kind of SIB technique on normal tissue may increase. Furthermore, these assumptions are merely comparing single and total doses, but do not account for possible time factors of shorter RT schedules. Apart from dose considerations, the absolute boost volume is also predictive for the development of a late fibrosis, with increasing incidence along larger volumes, as reported in a long-term subpopulation analysis of the EORTC-22881 study: "boost versus no-boost" [7] . Prior to this publication, the investigators' group had described worse cosmetic results for boost volumes >200 cm 3 (significant in univariate analysis; [21] ).
The choice of an appropriate EBRT technique to achieve a SIB effect is of further concern. An uncritical application of multifield IMRT techniques is highly problematic, since integral doses outside the PTV should be kept as low as possible in order to diminish stochastic tumor induction effects [4, 18] . Dose intensity modulations should therefore preferably be performed within the tangential beam arrangements (field-in-field techniques, "tangential" IMRT). It is assumed that after multifield or rotational SIB-IMRT, the subsequent risk of ipsilateral lung cancer induction rises significantly in comparison to a tangential beam design [8] .
Clinical evidence of SIB techniques for breast cancer
A further Dutch institution reported a similar experience, with a cohort comprising 1274 patients treated between 2007 and 2009 (28 fractions of 1.8 Gy WBRT, 2.3 Gy SIB; [14] ). To date, there has been no information published on toxicities and tumor-related parameters. However, the authors emphasized the necessity for continuous dose planning optimization during a SIB-RT to account for shrinking seroma when exceeding initial sizes of 30 cm 3 . This was relevant for about 9% of all patients, out of these 77% received plan adaptations to avoid excess treatment volumes during SIB. These findings were recently corroborated by a Chinese group [24] .
SIB during hypofractionated WBI (HF-SIB)
Chadha et al. [5] published their first experience in acute toxicity for SIB application during hypofractionated RT in comparison with WBI plus boost in normofractionation: 50 patients were treated by 15 fractions of 2.7 Gy whole-breast and concomitantly 3 Gy tumor bed dose, respectively, whereas 74 patients received 26 fractions of 1.8 Gy WBI followed by 7 fractions of 2 Gy to the tumor bed. No information was given on boost volumes. Concerning acute toxicity 8 weeks after the end of RT, hypofractionated SIB patients experienced significantly less grade ≥2 fibroses (p=0.0015) and breast pain.
One of the rare long-term reports following HF-SIB was published by Freedman et al. [10] : 75 patients were irradiated in 20 fractions at 2.25 Gy whole-breast and 2.8 Gy tumor-bed dose, respectively. The mean CTV size of the tumor bed amounted to 24 cm 3 (range 3-123 cm 3 ). After a median follow-up of 69 months, three local recurrences were noted (5-year LRR 2.7%). Cosmetic as well as functional scores were reported as comparable to standard treatment. A volume-based analy sis of their findings was not provided.
A recent prospective randomized study from Belgium [20] compares a standard WBI (25 fractions of 2 Gy tangential fields, 8 fractions of 2 Gy electron boost) to a hypofractionated tomotherapy comprising a SIB (15 fractions of 2.8 Gy WBI; 3.4 Gy SIB). Included were 41 patients after BCS and 28 patients following mastectomy. Study endpoint was the occurrence of cardiopulmonary toxicity in dependency from the RT method. After 2 years, the authors described a two-fold skin reaction rate (grade ≥1) in the standard treatment arm compared to the tomotherapy cohort (60 vs. 30%), which is however most probably attributable to the electron boost. There was no differentiation along type of operation (breast conservation or mastectomy), nor did the authors report on tissue fibrosis and cosmesis. Cardial function (LVEF) was not affected by radiation technique; lung function (FEV1) was reported to be less impaired after SIB tomotherapy.
Ongoing studies
The IMPORT HIGH Trial [6] tests the hypothesis whether a risk-adapted dose distribution within the breast during daily dose delivery including a SIB application is capable to reduce late reactions while concomitantly increasing tumor control rates. While the dose is kept lower in zones of assumed minimal residual disease, an increased single dose is pursued in those areas at higher risk for microscopic tumor remnants. Two different HF schedules are tested against a 15 fractions of 2.7 Gy regimen, followed by 8 fractions of 2 Gy boost, which is now considered as standard in the UK. In both investigational arms, a single dose of 2.4 Gy to the whole breast and 2.67 Gy to the index quadrant is prescribed. In the first test cohort, the tumor bed is concomitantly irradiated with 3.2 Gy, whereas the second arm receives 3.5 Gy (isoeffective to 60 and 69 Gy, respectively, towards a 2 Gy fractionation at an assumed α/β value of 3 for late reactions). The study protocol demands for standardization of boost volumes in all treatment arms. There have been no clinical reports up to now.
An US-American randomized phase III trial conducted by the RTOG (1005) investigates patients receiving either sequential or concomitant boosts. In the sequential approach, WBI is offered in normoas well as hypofractionated RT (25 fractions of 2 Gy and 16 fractions of 2.67 Gy, respectively), followed by 6-7 fractions of 2 Gy tumor bed boost. For (SIB) treatment, WBI is performed in hypofractionation (15 fractions of 2.67 Gy) with a concomitant boost of 3.2 Gy. However, the recruitment goal of 2312 patients lies in the distant future (1/2012: 200 patients).
Conclusion
The proposed SIB strategies in adjuvant radiotherapy during BCT are of high investigational potential. However, the published data are too inconclusive and premature to permit a solid prediction of long-term outcome in terms of tumor control, fibrosis, and cosmesis. From the calculations presented above, the use of SIB techniques with single tumor bed doses of 2.1 Gy for low-risk tumors up to 2.25 Gy for constellations with higher risk for local recurrence seem to be within the therapeutic range. Further evaluation in prospective trials is the preferential tool to clarify these open issues. Dose modulation should preferably be performed within the tangential beam arrangement (fieldin-field techniques, "tangential" IMRT) instead of multifield or rotational IMRT. Boost volumes have to be kept as small as possible without compromising oncological requirements and a detailed documentation is imperative. In case of a distinct seroma after tumorectomy (>30 cm 3 ) prior to RT, the necessity of re-planning has to be considered after the first two treatment weeks. For quality assurance and also forensic aspects, long-term follow-up and a meticulous documentation of late effects by an experienced radio-oncologist are mandatory. This is even more important outside clinical trials, as the embedment into a defined observation schedule may be less strict than for study patients. In the absence of analyses of ongoing randomized prospective studies, the breast cancer expert panel of the German Society of Radiation Oncology (DEGRO) explicitly discourages the routine use of higher SIB fraction sizes as well as the application of SIB during hypofractionated WBI schedules outside clinical trials.
Summary for clinical practice
F Regarding radiobiological considerations, normofractionated SIB seems to be in the therapeutic range, however, prospective data for long-term toxicity are not yet available. F Normofractionated WBI plus sequential boost remains standard treatment, hypofractionated WBI plus sequential, normofractionated boost is an alternative for selected patients. F Hypofractionated WBI plus SIB is discouraged outside clinical trials. F Combination of SIB plus sequential boost is not recommended in the absence of respective data. F Whenever modifications of the standard technique are used, an increase of normal tissue dose (especially lung, heart and contralateral breast) has strictly to be avoided. F Long-term observation and documentation are mandatory.
